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TheelectronicbandcalculationsofLi2CuO2andLi-deintercalatedCuＯ２ｈａｖｅｂｅｅｎｐｅｒ－
ｆｂｒｍｅｄｂｙｔｈｅＭ１－ｐｏtentiallinearizedaugmentedplanｅｗａｖｅ（FLAPＷ）methodwithinthe
localspindensityapproximation(LＳＤＡ).ItisfbundthatCu3dstatesarestronglyhybridized
withO2pstatesandthatLiatonMsalmostionized・Onthebasisofthetotalenergycalculations，
wehavestudiedtheapplicabilityofLi2CuO2asarechargeablebatterycathodemateriaLThe
averagebatteryvoltageinthechemicalreactionprocess，Ｌｉ２ＣｕＯ２－＋ＣｕＯ２＋2Ｌｉ，isestimated．
Thestructuralstabilityisalsodiscussed．
１Introduction
Lithiumtransition-metaloxidesareattrac-
tivematerialsduetotheirapplicationpotential
asrechargeablebatteryelectrodes・Amongthem，
LicoO2withlayerstructureisoneoffaﾊﾞﾉorable
cathodematerialsandcurrentlyusedasacath-
odematerialincommercialLi-batteries．Ｈｏｗ‐
ever,Coelementissoexpensivethatthebatter‐
ieswithLiCoO2cathodecostagreatdeaLThus，
newcathodematerialswithlowcost(比,Ｃｕetc）
andhighcellvoltage(～4V)aredesired
ThosewithchainstructｕｒｅｓｕｃｈａｓＬｉ２ＣｕＯ２
ｍａｙｆｉｍｃｔｉｏｎａｓａcathodemateriaLLi2CuO2
isoneofthecompoundsofwhichelectrochem-
icalpropertieshaﾊ'enotbeenstudiedindetaiL
Itbecomesanantifbrromagnetbelow8､3Kand
hasaninterestingcrystalstructureofbodycen-
teredorthorhombiclattice[1],showninFig､Ｌ
ＥａｃｈＣｕａｔｏｍｉｓｓｕｒｒｏｕｎｄｅｄｂｙｆｂｕｒＯatoms
inthebc-plane,andtheCuO4squaressharethe
edge、TheresultingCuO2chainsalongtheかaxis
arestackedalongthea-andGaxes，andthese
chainsareconnectedbyLiionsWehavealready
perfbrmedtheelectronicbandcalculationsfbr
non-magnetic(ＮＭ)andantiferromagnetic(AF）
ｓｔａｔｅｓｏｆＬｉ２ＣｕＯ２ｂｙｕｓｉｎｇｔｈｅＦＬＡＰＷmethod
withintheLSDA[2］
Recently,severalgroupshaveperfbrmedfirst-
principlesbandcalculationsofvariouselectrode
materials・AydinoletQLcalculatedtheaverage
batteryvoltagesfbrLi/ＬｉＭＯ２ａｎｄＬｉ/LiCoX2
(Ｍ＝Ｔｉ,Ｖ,Ｍｎ,ＣＯ,Ｎｉ,Ｃｕ,Ｚｎ,Ａ１;Ｘ＝０，s,Ｓｅ
)cellsI3]DeisseM・calculatedtheaveragevolt‐
agesfbrLiC6/LiMoO2cellsandLiC6/LiNiO2
cells.[4]WO1vertonandZungerstudiedLi/Co
andLi-vacancy/Coorderingsassociatedwiththe
de‐intercalationprocessofLiCoO2，aswellas
thebatteryvoltage.[5]Inthesestudiestheaﾊ'‐
eragevoltageispredictedtheoreticallywithout
usinganyexperimentaldata，bycombiningthe
cLbinjtiobandcalculationwithbasicthermody-
namics、Theseresultsareingoodagreement
withexperimentalresults・Thisfactindicates
thatfirstprinciplesbandcalculationisausefill
toolfbrlookingfbrnewcathodematerials
lnthispaper，first-principlestotalenergy
calculationsfbrLi2CuO2,filllyLi-deintercalated
CuO2andmetallicLiarecarriedout・Theappli-
cabilityofLi2CuO2asrechargeableLi-battery
cathodeisdiscussed、ＩｎＳｅｃｔｉｏｎ２，thedetajl
ofelectronicbandcalculationisshownlnSec-
tion3，wediscusstheaveragebatteryvoltage
andthestructuralstability・Lastly，itisfbund
thatalthoughLi2CuO2behavesasacathode
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material，thestructuralstabilityisnotsoｇｏｏｄ， lZxtemHIcimuitharge dischar，Ｕ gｅ←ぽ →⑥
comparedwithLiCoO2andLiNiO2． 鯨敷Ｌ(o）
Ｆｉｇ．２．Theschematicpictureofelectrochemicallithium
cell．
ｕ
則
ｏ
Ｃ
IⅧ 2.1Li2CuO2Forconstructingthebasisfimctionsweuse
thecriteriaImq麺＝７insidethemuflin-tin(ＭＴ）
spheresandlk＋Ｇ|…＝（2オル)×３．８out-
sidetheMTspheres，withkbeingawavevec-
torinthefirstBrillouinzone(BZ）andGbe-
ingareciprocallatticeVector、ＴｈｅＭＴｓｐｈｅｒｅ
ｒａｄｉｉａｒｅｔａｋｅｎｔｏｂｅＯ２６ｑｆｂｒａｌｌａｔｏｍｓｏｆＣｕ，
ＯａｎｄＬＬＦｏｒｔｈｅｌ帥ticeparameterstheob-
servedvaluesareused:α＝3.654ｈ,６＝2.86Ｍ，
ｃ＝9.377A,ｚ(Li）＝O2869c,ｚ(O）＝0.1423c
ThepotentialisselfLconsistentlydeterminedus-
ing35(27)meshedkpointsinanirreduciblel/８
firstBZfbrtheNM(AF)state、Theiteration
processisrepeateduntilthecalculatedtotalen-
ergyofthecrystalconvergesintolessthanlO-3
RydThedensityofstates(DOS)iscalculated
withthelinearlyenergyinterpolatedtetrahedron
methodusingtheenergyeigenvaluesatlO7(125）
kpointsinanirreduciblel/8firstBZ
FbrtheNM-state,anamowantibondingband
crossestheHbrmilevel,andthisbandconsistsof
stronglyhybridizedCu3dgzandO2pgorbitals
(Zﾉ//６，ｚ//c）TheFbrmisurfaceoftheNM-state
revealsanestingeffectwhichplaysanimportant
roleincausingtheobservedAFmagneticorder-
inglntheAF-state，thenarrowantibonding
bandintheNM-stateissplit，ａｎｄａｓｍａｌｌｇａｐ
ａｐｐｅａｒｓａｔｔｈｅＰｂｒｍｉｌeveLThecalculatedden-
sityofstatesisshownmFi9.3(a)fbrNM-staｔｅ
ａｎｄＦｉｇ３(b）fbrAF-sate・Ithasbeenfbund
thatthecalculatedtotalenergyfOrtheAF-state
islowerthanthatfOrNM-state．
Ｆｉｇ．１．ThecIystalstructureofLi2CuO2
２BandCalculation
Ｃｏｎｓｉｄｅｒａｃｅｌｌｗｉｔｈｓｏｍｅｈｏｓｔａｓｏneelec-
trodeandLimetalastheother(ＳｅｅＦｉｇ２)．
Theanodeandcathodeelectrodesareseparated
byanelectrolyte・Theelectrolyteallowstransfer
ofLiionsbetweentwoelectrodesbutdoesnot
aUowfbranyelectrontransport、Ｗｈｅｎｔｈｅｂａｔ‐
terydischarges，Liisintercalatedintothecath-
odecompoundUponcharging，ｔｈｅＬｉｉｏｎｓａｒｅ
ｒｅｍｏｖｅｄｆｒｏｍｔｈｅcathodecompound
Thechemicalreacｔｉｏｎｉｓａｓｓｕｍｅｄｔｏｂｅ
Ｌｉ２ＣｕＯ２今ＣｕＯ２＋2ＬＬＡｌｓｏａｓｓｕｍｅｄｔｈａｔｔｈｅ
ＣｕＯ２ｃｈａｊｎｓaremaintainedduringthelithium
extractionandinsertionlntheserestrictions，
weperfbrmthebandcalculationfbrthenon-
magneticandantiferromagneticLi2CuO2and
thehostmetaloxideＣｕ０２．Andalsoweperfbrm
thebandcalculationfbrnon-magneticmetal‐
licLiAllbandcalculationsareperfbrmed
byusingtheFLAPWmethod・Programcodes
TSPACE[6landKansai-92areusedTheLDA
orLSDAisadoptedtoconstructtheexchange
andcorrelationtermsoftheone-electronpoten-
tial．
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(a)Non-magneticLi2CuO2 electronicstructureofCuO2issimilartothatof
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Ｆｉｇ．４．Thedensityofstatesfbrnonmagnetｉｃｓｔａｔｅｏｆ
ＣｕＯ２．
2.3Non-magneticmetallicLi
MetallicLihasabodycenteredcubiclat-
ticewithOR(14/m32/､)symmetryFbrcon-
structingthebasisfUnctions,weusethecriteria
J…＝７insidetheMTspheresandlk+Ｇｌｍａ麺＝
(2汀/α)×４.OoutsidetheMTspheres、Asthe
MTsphereradii,weadoptedO41afbrLiatom・
Ａｓｔｈｅｌａｔｔｉceparameter，theobservedvalueis
used：α＝3.51Ｍ．Thepotentialhasbeen
selfLconsistentlydeterminedusing55meshedk
pointsinanirreduciblel/48firstBZfbrtheNM
state．
４－０．３ -０．２－０．１０.(）０．１（).Ｚ（).３
Encrgy（Ｒｙｄ）
Fig.３．ThedensityofstatesofLi2CuO2．（a)fbrNM
stateand(b)fbrAFstateContributionsarisingｆｒｏｍ
Ｃｕ３ｄａｎｄＯ２ｐｓｔａｔｅｓｉｎｓｉｄｅｅａｃｈmuflin-tinsphereare
alsoshown．
３Applicationtobatteryelectrode
TｈｅａﾊﾞﾉeragevoltageVavisproportionalto
thechangeofGibbs，sfreeenergy△Ｇ、△Gcan
beapproximatedbythechangeofinternalenergy
△Ｅ，becauseＰ△ＶｉｓｏｆｔｈｅｏｒｄｅｒｏｆｌＯ－５△Ｅ，
andＴ△Ｓｉｓｔｈｅｏｒｄｅｒｏｆｔｈｅｔｈｅｒｍａｌｅｎｅｒｇｙ
ｗｈｉｃｈｉｓａｌｓｏｍｕｃｈｓｍａｌｌｅｒｔｈａｎ△Eatroom
temperatureTherefbre,Vav(perLi)isgivenby
2.2Non-magneticCuO2
TheCuO2chajnsareassumedtobemain-
tainedduringthelithiumextraction,namelywe
ignoretheefTectoflatticerelaxation，anduse
theobservedlatticeconstantsandpositionsof
CuandoxygenatｏｍｓｏｆＬｉ２ＣｕＯ２・Weusethe
samecriteriafOrconstructingthebasisfUnctions，
tｈｅｓａｍｅＭＴｓｐｈｅｒｅｒａｄｉｉａｎｄｔｈｅｓａｍｅｃondi-
tionfbrenergyconvergenceasthoseusedinthe
bandcalculatioｎｏｆＬｉ２ＣｕＯ２・ＴｈｅｏｂｔａｉｎｅｄＤＯＳ
ｉｓｓｈｏｗｎｉｎＦｉ９．４．TheoverallfCatureofthe
(E瀧｡uo2-El:llo2-2E琵t）ｌ△ＥＶａｖ＝－－－ｅ△ｘ 2ｅ
(3.1）
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where△xreferstothenumberofthetransferred
lithium(△x=2).Thetotalenergiesoffilllylithi‐
atedLi2CuO2,fnllydelithiatedCuO2andmetal-
licLi，which麺ecalculatedbyFLAPWmethod
inSectｉｏｎ２,ａｒｅｕｓｅｄ
ＴｈｅＶａｖｉｓｅｓｔｉｍａｔｅｄａｓ４４６ＶｐｅｒＬｉｆｂｒ
ｔｈｅＮＭｓｔａｔｅｏｆＬｉ２ＣｕＯ２ａｎｄ４５１ＶｆｂｒＡＦ－
ｓｔａｔｅｏｆＬｉ２ＣｕＯ２・Ｉｎｏｕｒｓｔｕｄｙｗｅａｓｓｕｍｅｄ
ｔｈａｔｔｈｅｃｈｅｍicalreactiongoestofUllylithiated
Li2CuO2fromfUllydelithiatedCuO2andmetal-
licLi,namelynleanprocessofchemicalreaction，
suChasoneLiextractionprocess,isignored
Nexttodiscussthestabilityascathodema戸
terial，thecohesiveenergyisestimated、Inthe
chenlicalreactionexpressedbythefbllowingpro-
ｃｅｓｓ
２Ｌｊｑｔｏｍ＋ＣｕＱｔｏｍ＋２０Ｇt･ｍ－》Li2CuO2，
（32）
thecohesiveenergyisgivenby
Ec｡ｈ(Lj2CUO2)＝2且｡t(皿)＋Ｅｔｏｔ(Ｃｕ）
＋2Etot(O)－Ｅｔｏｔ(Li20uO2）
（3.3）
ＯｎｔｈｅｂａｓｉｓｏｆｔｈｅＦＬＡＰＷｂａｎｄｃａｌｃｕｌation，
thecohesiveenergyfbrLi2CuO2isevaluatedas
l22eV,ａｎｄａｌｓｏｔｈａｔｆｂｒＣｕＯ２ｉｓ３､9ｅＶ・Incon-
clusion,althoughthestructuralstabilityｏｆＣｕＯ２
ｉｓｎｏｔｓｏｇｏｏｄ，Li2CuO2isoneofnewpossible
cathodematerialsfbr4VclasssecondaryLibat-
teries・Fbrmorequantitativeargument,anefIect
ofthelatticerelaxationinLiextractionprocess
shouldbetakenintoconsideration，Ａｎｄａｓｔｕｄｙ
ｏｆｔｈｅｐｒｏｃｅｓｓｉｎｗｈｉｃｈＬｉisextractedpartially
fromLi2CuO2isremainedasafUtureproblem．
４Conclusion
Onthebasisoftheelectronicbandstructures
ofLi2CuO2，CuO2andmetallicLicalculatedby
usingthefUllpotentialLAPWmethodａｎｄthe
localdensityapproximations,anapplicabilityof
Li2CuO2asrechargeableLi-Batterycathodehas
beenstudied
TheaveragevoltageVＱＵｉｓｏｂｔａｉｎｅｄａｓ4.46V
perLifbrthenon-magneticstatｅｏｆＬｉ２ＣｕＯ２
ａｎｄ４５１Ｖｆｂｒｔｈｅａｎｔｉｆｅｒromagneticstateof
Li2CuO2・ThecohesiveenergyfbrLi2CuO2anｄ
ｔｈａｔｆｂｒＣｕＯ２ｍｅｅｓｔｉｍａｔｅｄｔｏｂｅｌ2.2ｅＶａｎｄ
3.9ｅＶ,respectively
AlthoughthestructuralstabilityofCuO2is
notsogood,Li2CuO2isoneofnewpossiblecath-
odematerialsfbr4VclasssecondaryLibatteries
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